Two experiments were conducted to evaluate systems of providing supplemental heat to newborn pigs during and after farrowing. In Exp. 1, 35 sows were randomly allotted to farrowing crates with two supplemental heat treatments: 1) two lateral 250-watt heat lamps; and 2) two lateral heat lamps, plus a 250-watt heat lamp behind the sow during farrowing. In Exp. 2,72 sows were randomly assigned to farrowing crates with four supplemental heat treatments: 1) one lateral 250-watt heater; 2) one lateral heater plus a 250-watt heater behind the sow during farrowing; 3) a hover with 100-watt light bulb; and 4) a hover with light bulb plus heater behind the sow during farrowing. The average farrowing house temperature was 18.9'C in Exp. 1 and 21.6"C in Exp. 2. Results showed no significant treatment effects on preweaning pig survival or growth rates in either experiment. Thus, providing a heat lamp at the rear of the sow during parturition was not beneficial and would increase operating costs. Hovers have a higher initial cost than conventional heat lamps or heaters, but they would have a much lower operating cost. Hovers may offer swine producers a way of reducing energy costs without affecting preweaning pig survival and performance.
Introduction
Pig preweaning mortality, averaging 15 to 20%, continues to be a major problem. The most critical period is the first 3 to 7 d of life (Bauman et al., 1966; Fahmy and Bernard, 1971; Foley et al., 1971) . Chilling, which leads to coma and death (McGinnis et al., 1981) , is a major factor (Newland et al., 1952; Bauman et al., 1966) because the thermal-insulative barriers required to combat a cold environment are not well developed in newborn pigs (Curtis, 1973) . Thus, temperatures of 30 to 35°C are recommended for newborn pigs (Mount, 1959; Liptrap et al., 1978) . Supplemental heat is routinely provided in the pig area of the farrowing crate or pen to maintain such high temperatures in the cool and cold seasons without raising the temperature to which the sow is exposed.
In research reports in which the effects of supplemental heat on pig survival rates have been studied, heat lamps were located over the creep area in the farrowing crate (Fahmy and Bernard, 1971; Adams et al., 1980; Saldierna et al., 1981) . Hovers have been used in nurseries as an energy saving device with similar or improved performance reported for pigs raised with hovers comp:ed with pigs raised in conventional nursery pens with recommended temperatures (Pohl and Fritschen, 1977; Robertson and Kelley, 1978; Feenstra, 1982; Shelton and Brumm, 1986; Brwnm and Shelton, 1988) . There is, however, a lack of information regarding the effect of using hovers in the farrowing house. Therefore, this study was conducted to compare methods of providing supplemental heat for improving survival of newborn pigs during and after farrowing when sows are housed in conventional farrowing crates.
Materials and Methods
Two experiments were conducted, one at the Virginia Tech Swine Research Center (Exp. 1) and the other at a commercial farm (Exp. 2). Sows in both Exp. 1 and 2 were washed and disinfected 5 d before their expected farrowing dates and put into the farrowing crates. They were hand-fed a forti- In Exp. 1, 35 crossbred sows (18 in Trial 1 and 17 in Trial 2) were blocked on genetic background, sire, parity, and expected farrowing dates and then randomly assigned to two supplemental heat treatments: 1) farrowing crate with two conventional lateral 250-watt heat lamps, one at each side of the farrowing crate ( Figure 1A) ; and 2) farrowing crate with two conventional lateral 250-watt heat lamps, one at each side of the farrowing crate, plus one 250-watt heat lamp at the rear of the sow during farrowing. There were approximately equal numbers of farrowing crates with the heat lamp either directly overhead ( Figure 1B) or to the side ( Figure  1C) . The experimental pnxedures and animal management were similar in Trials 1 and 2. An equal number of straight-sided ( Figure  1C ) and flared-bottom bar ( Figure 1B ) farrowing crates (1.5 m x 2.1 m) with a pig zone on both sides were used in Exp. 1. The width of the sow zone was 61 cm in the straight-sided crate and 46 cm in upper part and 72 cm in the lower part of the flared-bottom bar crates. The height of the lower bar of both types of farrowing crates could be varied from 21 to 25 cm; the lower setting generally was used. The straight-sided crates were mounted on partially slatted floors; 4-cm metal T-bars were in the front and back, and solid oak boards were in the center. The flared-bottom bar crates were mounted on partially slatted floors; plasticcoated, welded wire was in the front and back and a rubber mat over solid concrete was in the center, In Exp. 2, 72 crossbred sows were blocked on similar background (breed, parity, and sire), four sows per block. They were then randomly assigned to supplemental heat treatments in a 2 x 2 factorial arrangement: 1) farrowing crate with one 250-watt lateral heater ( Figure 1D) ; 2) farrowing crate with one 250-watt lateral heater, plus a 250-watt heater at the rear of the sow during farrowing ( Figure 1E ); 3) farrowing crate with hove9 equipped with a 100-watt light bulb ( Figure 1F ); and 4) farrowing crate with hover with 100-watt light bulb, plus a 250-watt heater at the rear of the sow during farrowing ( Figure 1G ). The same type of 250-watt heater was used on the side and at the rear of the sow.
Straight-sided 1.5-m x 2.1-m farrowing crates with a pig zone on both sides were used in Exp. 2. The width of the sow zone could be varied from 51 to 61 cm; the narrower width was used for gilts or small sows. The height of the bottom bar was adjustable (21 to 31 cm); the lower setting generally was used for gilts or small sows. These crates were mounted on precast concrete slats (1.5 m x 2.4 m) with a 53-cm x 94-cm expanded metal insert at the rear of the slats and 27cm x 229-cm plasticcoated expanded metal inserts on both sides of the sow.
Supplemental Heat Management. The lateral heat lamps in Exp. 1 were suspended 46 cm above the crate floor, 36 and 15 cm from the sow and the crate side walls, respectively.
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The rear heat lamps were suspended 56 cm above the crate floor behind the sow, 14 cm from the sow. In Exp. 2, the rear heater was fastened to the inner bar of the crate, 56 cm from the crate floor and 14 cm from the sow, to direct reflected heat to the entire birth site. The 56 cm x 14 cm arrangement in each experiment was adopted to prevent splashing urine from breaking the bulbs and to prevent excessive heating of the sow's rear. The single lateral heater in Exp. 2 was located in a position similar to that of the lateral heat lamps in Exp. 1. The hover, 122 cm x 61 cm, was placed equidistant on the wall partition separating two adjacent crates, 56 cm above the floor, and located at the front of the crate. The hover was made of an opaque solid plastic top and transparent flexible plastic side strips. The front of the hover was closed with plywood to prevent draft and heat loss.
The lateral and rear heat lamps or heaters in the crates and the bulbs in the hovers were switched on as soon as each sow showed signs of imminent parturition, such as milk discharge, vulval discharge, restlessness, abrasion on the snout, rigorous grinding of teeth, and foamy salivation. The rear heat lamp or heater was switched off immediately after parturition was complete as evidenced by afterbirth expulsion. One of the two lateral heat lamps in Exp. 1 was switched off when the pigs were 3 d of age. The other lateral heat lamp in Exp. 1 and the single lateral heater in Exp. 2 were switched off when the pigs were 7 d of age.
Temperuture Control. Both experiments were conducted in insulated farrowing buildings equipped with thermostatically controlled space heaters. The temperature of the farrowing building was monitored at sow level five times daily at 3-h intervals from 0900 to 2100 using an electronic digital thermometer. In addition, temperature was monitored with six standard thermometers arranged at the top of the crates, 8 cm to the front and 8 cm to the rear of the first, middle, and last crates in each building.
Pig Management. Within 12 to 24 h postpartum, similar management care was given to the pigs in the two experiments, with two exceptions. In Exp. 1, pigs were individually weighed and ear-notched for identification, but only litter weights of pigs were taken in Exp. 2 and pigs were not ear-notched. In Exp. 2, some equalization of litters occurred within treatments, 12 to 24 h after farrowing. with two conventional lateral heat lamps and one rear heat lamp (250-watt) during parturition.
Only pigs observed to be very vigorous were transferred. Neal and Irvin (1991) (100 mg of Fe) and were vaccinated against erysipelas and atrophic rhinitis; the males were also castrated at this time. Pig death losses were monitored and recorded daily in both experiments. The number of liveborn and stillborn pigs and number and weights of pigs during each weighing period were recorded. Farrowings were not attended continuously but were checked at least five times daily.
Statistical Analysis. For each experiment, the litter data were analyzed using ANOVA procedures. The data of Trials 1 and 2 in Exp. 1 were combined because there were no treatment x trial interactions. Preweaning survival and BW of the pigs (average per litter), adjusted by covariance analysis for birth weight (average per litter), were used as traits for the evaluation of treatments. Preweaning survival at a particular age was calculated as the number of pigs alive per litter divided by the number of pigs born alive per litter.
Results and Olscussion
Experiment I . The ambient temperatures in the farrowing moms ranged from 18.3 to 19.4'C in Exp. 1 and fiom 21.1 to 22.2'C in Exp. 2. The temperatures at pig level under the lateral and rear heat lamps or heaters were 32.2 and 30.0"C, respectively. The temperature inside the hover was 31.1'C. The number of liveborn and stillborn pigs and their BW at birth were similar for the two supplemental heat treatments (Table 1) . Adding the extra rear heat lamp during parturition (Trt 2) did not affect average BW of the pigs at 3, 7, and 21 d of age, and there were no significant treatment differences in preweaning pigs survival. Although average survival rate during d 1 postpartum was numerically higher (P = .22) for pigs with the extra rear heat lamp during parturition, the pattern did not continue for the remainder of the lactation period.
Experiment 2. Only main treatment effect means for farrowing and preweaning performance data are tabulated because there were no significant interactions between systems of supplemental heat and supplemental heat behind the sow ( Table 2 ). The average number of liveborn and stillborn pigs and birth weights were similar among the supplemental heat treatments. Although pigs housed in farrowing crates with hovers were heavier (P < .02) at 7 d postpartum than pigs in crates with a heater, by 28 d postpartum, pig weights were similar for the two supplemental heat treatments. Pig weights at 7 and 28 d were not influenced by an extra heater behind the sow during parturition. Survival rates at d 1, 2, 3, 7, and 28 were not significantly influenced by systems of providing supplemental heat. Behaviorally, the newborn pigs seemed to move freely in and out of the hover and used it for sleeping; they exhibited no health problems. As in Exp. 1, extra heat behind the sow during parturition was of no overall benefit. Discussion. Providing extra heat at the rear of the sow during parturition did not improve the survival rate or weight gain of newborn pigs when sows were housed in farrowing crates with one or two lateral heat lamps or a hover and when the ambient temperature of the farrowing morn was 18.3 to 22.2'C. Taken in conjunction with other studies, these results suggest that, beyond a certain threshold, additional supplemental heat is not an economical investment. However, the failure to improve the survival rate might have been associated with the bright illumination level that resulted with supplemental heat. Rohde Parfet and Gonyou (1991) reported that newborn pigs showed a strong preference for either dim or dark areas over bright light. Adams et al. (1980) (1987) . Their results support the suggestion by McGinnis et al. (1981) that supplemental heat may be more advantageous when pigs are under stress, such as a pathogenic disorder.
Our findings of similar preweaning survival and weight gain for pigs farrowed and raised in farrowing crates equipped with hovers containing 100-watt bulbs, compared with pigs in crates with 250-watt conventional heaters, suggest that operating costs can be reduced with hovers, but the initial or purchase costs would be higher. In agreement, Handlin et al. (1990) reported similar preweaning survival and 21-d BW gains for pigs housed in farrowing crates with lateral supplemental heat lamps (250-watt) or .84 m2 plywood boxes equipped with a 15-watt bulb. Also, Feenstra (1982) and Shelton and Brumm (1986) found similar performance for weaned pigs raised in nurseries with hovers and those without hovers.
lmpllcations
The findings of this study based on preweaning survival and weight gain do not suggest a need for extra heat at the rear of sows during farrowing when lateral supple mental heat is provided and when the farrowing house temperature is kept between 18.3 and 22.2-C. Further, both conventional heaters and the hovers seemed to be equally effective in providing supplemental heat for the pigs, because preweaning survival and growth rate were similar under the two systems. The initial cost of the hover would be higher than that of the heater, but operating costs would be lower for the hover.
